Background -Percutaneous endoscopic gastrostomy (PEG) is the main accepted method for long-term tube feeding. Objective -To investigate the risk factors associated with early mortality after PEG. Methods -Retrospective survival analysis in a tertiary-level center in Recife, Brazil. We reviewed the medical records of 150 patients with PEG placement. The data were analysed by the Kaplan-Meier method. Multivariable Cox proportional regression models were also built to test the effects of PEG on mortality. Results -A total of 150 patients who submitted to PEG were studied (70 male). Of the participants, 87 (58%) had blood hypertension; 51 (34%) patients had diabetes; 6 (4%) patients had chronic renal disease; and 6 (4%) had malignancy. Chronic neurodegenerative diseases were the more common clinical indication for PEG. The 30-day and 60-day proportional mortality probability rates were 11.05% and 15.34% respectively. A multivariate Cox proportional regression model, haemoglobin (HR 4.39, 95% CI 1.30-14.81, P=0.017) and pre-procedure UCI staying (HR 0.66, 95% CI 0.50-0.87, P=0.004) were significant predictors of early mortality. A haemoglobin cut-off value of 10.05 g/dL was shown to have a sensibility of 82.6% (61.2% to 95% CI) and an acceptable sensitivity of 59.0 (50.6% to 68.6% CI), and a likelihood ratio of 2.06 for eight weeks mortality. Conclusion -In patients who had been subjected to the PEG procedure for longterm nutrition, low haemoglobin, pre-procedure intensive care unit internment or both are associated with the risk of early mortality.
INTRODUCTION
Percutaneous endoscopic gastrostomy (PEG) was first performed by Gauderer and colleges in 1999 (1) and rapidly became the main support of nutritional care for patients with long-term swallowing dysfunction (2) . PEG is thought to be a more acceptable choice to deliver food than nasogastric tube because it is not associated with uncomfortable oropharyngeal symptoms and has better aesthetic appeal (3) . As opposed to nasogastric feeding, PEG use decreases the incidence of complications such as esophageal esophagitis and respiratory infections, resulting in lower risk of occlusion and dislocation and better compliance (4) . An increasingly common indication for PEG placement is the nutritional support provided to older patients who have lost their ability to eat because of cerebrovascular diseases, or who have severe incapability due to neurological chronic disease or advanced dementia (2, 3, 5, 6) .
Although PEG placement is safe (7) , it is not free from the risk of mortality nor devoid of early severe complications, including bleeding, peritonitis, bowel obstruction or perforation, and abscess of operative wound (4, 8) . Therefore, studies worldwide have failed to demonstrate benefits of PEG tube in older patients (9, 10) . In case of in-hospital and 30-day postoperative stages, mortality can be as high as 10 .3% and 54% respectively (11) (12) (13) (14) (15) , especially in hospitalized patients, although the procedure-related mortality itself is 0.5% to 2%. Indicating the procedure to a patient who naturally dies a few days after it is a bad decision (7, 16, 17) . Therefore, it is imperative to improve PEG indication to choose only those patients who actually have a chance of benefiting from it, thereby voiding futile indications (6, 18) .
We reviewed our experience with PEG placement at a private tertiary-care Brazilian hospital and investigated independent variables associated with early mortality after PEG, considering only simple clinical and laboratory variables easily found for most patients.
METHODS

Patients
Patients with swallow dysfunction treated with PEG between January 2012 and December 2016 at the Unimed Recife Hospital were retrospectively studied from an electronic database. This is a tertiary-care hospital which works for a cooperative of medical services as a unit of supplementary health service in Brazil. This hospital is highly certified by the Canadian Council for Health Service Accreditation because of the quality of its clinical protocols and patient security. It has an electronic medical records system that has the highest level of certification by the Healthcare Information and Management System Society.
Data were collected from adults, of both genders, requiring long-term enteral nutrition that has been submitted to first PEG placement. Outpatients, patients whose chart records were incomplete, and patients who had submitted to PEG replacement and those whose procedure had not been unsuccessful were excluded.
No dysphagia score was used. PEG placement was indicated by the doctor responsible for the patient through clinical observation that he/she was no longer able to feed themselves or with the help of another person and that he/she was dependent on tube feeding. The patient or his/her family, if the patients could not decide for themselves, was informed about advantages, disadvantage, risk, costs and potential clinical or surgical complications related to PEG placement and authorized it.
The following variables were collected: gender, age, mean diagnosis (e.g., Parkinson disease, sequels of stroke, dementia, tumours, and senility), comorbidities (diabetes mellitus, arterial hypertension, and renal insufficiency), laboratory exams (urea, haemoglobin), pre-and post-operative hospitalization in intensive care unit (ICU), orotracheal tube procedure, tracheostomy and dialysis (considering a period of two months before and after the procedure), the presence of surgical complications, diagnosis of the underlying disease, the endoscopy report and the time of survival.
Surgical technique
All procedures were performed by the same surgical team (MRCP, the surgeon and LECM, the endoscopist, both experienced) who ensured the well being of the patient until the moment of discharge and were responsible for the medical records. The support of an anaesthesiologist was indicated when necessary and at the discretion of the medical team.
Immediately prior to the initiation of the procedure, 2 g of cefazolin was injected intravenously as a prophylactic antibiotic, unless the patient was already taking antibiotics for another reason. Two puffs of 10% xylocaine spray were released in the oropharynx. Sedation was done with 50 μg fentanyl and 1% propofol by the surgical team or with the anaesthesiologist's assistance when necessary and slowly until reaching the desired sedation plan.
All patients received oxygen via nasal catheter or tracheostomy and were monitored for pulse oximetry, blood pressure, and heart rate and frequency. The procedure was performed in an endoscopy room that meets the requirements of Brazilian legislation for an endoscopic centre. PEG was performed by the traction method using a standard forward-view endoscope (GIFH-180; Olympus America, Center Valley, PA). Upon endoscopic observation, a place in the anterior wall of the distal fornix was chosen and a puncture was made at this point through the abdominal wall using a needle 16 gauge until it reached the stomach lumen. Through this needle was delivered a guide wire, which was taken by a loop and externalized via the patient's mouth. This guide was attached to a PEG tube. The surgeon drew the guide wire through the abdominal wall, taking the tube from the mouth to the stomach and externalizing it through the abdominal wall. A silicone dome at the end of the probe prevents it from being drawn out of the stomach. The external bolster of the PEG kit was placed, keeping the probe attached to the abdominal wall and the stomach in juxtaposition to the inner abdominal wall. This creates a fistula between the stomach and the external environment through which the patient can be fed. The round external bolster was fixed to the skin with 3.0 nylon stitches and the same wire was attached to the gastrostomy tube, preventing it from moving into the abdomen. The stitches were removed by the surgical team itself 48-72 hours after the procedure and the tube was loosened by 0.5 cm to avoid the buried bumper syndrome. The patients were kept under observation of the responsible team until recovery from sedation and then sent to the hospital sector of origin. Six hours after the procedure, as long as no postoperative complications were observed, feeding was allowed partially by the gastrostomy tube, and after 24 hours, they were fed according to the nutritional demands of each patient.
Either an EndoViveTM enteral access initial placement system (24Fr Peg-Kit, Boston Scientific, Marlborough Mass, USA) or a PEG 24 ® Pull Method Kit (Cook Endoscopy, Indiana, USA) was used at the endoscopist's judgment.
Follow ups were conducted with each patient by the medical staff until the hospital discharge. The caregiver was instructed in the handling and maintenance of the gastrostomy cannula in order to avoid complications such as buried bumper syndrome or tube avulsion.
The following complications were defined: Buried bumper syndrome -migration of the silicone dome alongside the track of the stoma outside the stomach, occluding the gastric orifice; abscess -purulent drainage through the gastrostomy port; peritonitis -inflammation (caused by extravasation of gastric contents or food) of the membrane lining the abdominal wall, which then covers the abdominal organs; avulsion -the patient or caregiver himself/ herself inadvertently pulls the gastrostomy tube completely out; dermatitis -inflammation of the dermis caused by extravasation of gastric contents by the external orifice; and bleeding -haemorrhage through the external orifice of gastrostomy.
Statistical analysis
Categorical values were described by proportions and compared by chi-square test or Fisher's exact test, when appropriate. Continuous values were expressed by mean ± standard deviation or median and minimum-maximum and compared by Student's t-test or the Mann-Whitney U test respectively.
In order to identify individual potential factors influencing the death prognosis associated with PEG at eight weeks follow-up, univariate Cox models were used. All factors with P<0.20 after univariate analysis were included in the multivariate Cox model to assess their independent prognosis effects. Then, a backward stepwise procedure was used to select the final Cox model, retaining only those factors with P<0.05. In the univariate as well as in the multivariate Cox models, hazard ratios (HR) and the respective 95% confidence interval (CI) were reported. To evaluate the proportionality assumption and overall fit of the Cox models, graphics and tests based, respectively, on the scaled Schoenfeld and Cox-Snell residuals were examined. No serious violation of either the proportionality assumption or the overall fit of the models was observed. Overall survival was estimated by using the Kaplan-Meier method. All tests were two-sided and statistical significance was defined as a P value less than 0.05. The receiver operating curve (ROC curves) was applied to calculate the sensibility and specificity of predictors for short-term survival. The area under a ROC curve quantifies the overall ability of the predictor to discriminate between those individuals with the outcome and those without the outcome. The validity of the model was measured by means of the area under the receiving operating characteristic curve (AUROC).
A model with AUROC above 0.7 was considered useful, while an AUROC between 0.8 and 0.9 indicated excellent diagnostic accuracy. The optimum cut-off value was chosen as the value with the best sensitivity and minimally acceptable specificity for predicting the outcome. The sensitivity, specificity, and likelihood ratio were calculated for various corresponding cut-off values.
Statistical analyses were performed using Stata 12.1 SE (Stata-Corp, 4905 Lakeway Drive College Station, Texas 77845 USA.
This study has been approved by the Ethics Committee, does not have any conflict of interest and was registered under CAEE number 66288617.3.0000.5192 in the Brazilian National Ethics Research System.
RESULTS
Of the 253 PEG procedures performed throughout the period of this study, 54 were excluded because they were outpatients or merely involved the replacement of a previous PEG tube. Among the 199 patients initially considered for this study, 49 were excluded because of incomplete data and one because of unsuccessful procedure, leaving a total of 150 cases to be included in the study (FIGURE 1). The demographics data for them are presented in TABLE 1. The patients' mean age was 77.8±15.9 with female predominance (53.3%). All patients received diet by a nasogastric tube because none of them could eat or be hand-fed. No patient returned to oral feeding. A total of 101 (65.1%) patients had chronic comorbidities. As mentioned before, 87 (58.0%) had blood hypertension; 51 patients had diabetes (34.0%); 6 (4%) had chronic renal disease; and 6 patients (4%) had malignancy. Fifteen days before the procedure, 67 (44.7%) of the 155 patients were breathing through a tracheostomy tube and 17 (11.3%) through an orotracheal tube. In the last month, 86 (57.3%) patients had been in an intensive care unit, and in the last two months, 6 (4.0%) had undergone haemodialysis for renal insufficiency. Differences between groups according to the time of survival are shown in TABLE 1.
PEG tube placement was indicated for supporting patients with chronic neurodegenerative diseases such as Alzheimer's, Parkinson's, multiple sclerosis and amyotrophic lateral sclerosis (90.6%), followed by tumours (4.0%) and other causes (5.3%), as shown in TABLE 2. 
PEG-related complications
Overall, 32 patients had PEG-related complications. Early complications during the first week following PEG were as follows: inadvertent tube avulsion, which occurred in 15 (10.0%) patients, followed by buried bumper syndrome, in 8 (5.3%) patients, abscess in 4 (2.7%), peritonitis in 3 (2.0%), dermatitis in 1 (0.7%), and bleeding in 1 (0.7%). We did not change PEG tube due to any tube malfunction (TABLE 3) .
After up to two weeks after the PEG placement procedure, 51 (34.0%) were breathing through a tracheostomy tube and 12 (8.0%) through an orotracheal tube, 54 (36.0%) had been in intensive care units, and 14 (9.3%) underwent haemodialysis for renal insufficiency.
Survival
For the whole group, the proportional mortality probability at one and two months was 10.86% and 16.4% respectively. Mortality related to PEG placement was 1.2%. A total of 23 patients died after up to eight weeks (FIGURE 2).
Variables associated with survival up to eight weeks
Eight preoperative variables that are considered relevant for predicting survival at eight weeks were tested using univariate analysis. As shown in TABLE 4, haemoglobin, the history of dialysis, tracheostomy and ICU internment were considered significantly associated with survival up to eight weeks.
Variables independently associated with survival up to eight weeks
A multivariate analysis was performed by Cox regression for all variables. As shown in TABLE 5, significant independent association with survival up to eight weeks was found for haemoglobin and preoperative ICU internment by the final model. 
ROC curve
The receiver operating curve (ROC) for haemoglobin adjusted for 8 weeks of survival is shown in FIGURE 3 . The area under the curve (AUROC) was 0.75 (0.6454 to 0.8528, CI), considered useful, but not excellent. Based on the ROC curve analysis, the optimum cut-off of haemoglobin was set at 10.05 mg/dL. A haemoglobin level less than 10.05 is related to short-term survival (Se=82.6%, 61.2% to 95% CI; Sp=59.0%, 50.6% to 68.6%, CI; likelihood ratio of 2.06).
DISCUSSION
Providing food to people afflicted with chronic disease who are neither able to feed themselves nor be fed by hand seems a direct and simple choice since not providing food to these people means death by starvation, which is ethically, morally, and religiously unacceptable. However, this decision represents a major medical dilemma. A reasonable number of consistent studies have concluded that enteral feeding tubes can be inappropriate and deleterious for some patients (10, (19) (20) (21) (22) , especially older patients with dementia.
In spite of studies worldwide reliably revealing that devices used to provide enteral nutrition are associated with potential complications (6, 23) and mortality (12, 13) and even though some studies have failed to show real benefits of enteral tubes (6, 19) , there will be an occasion in the life of a chronic patient in which he/she will depend on long nutritional support and death does not appear to be imminent. In many countries, as in Brazil, relatives will not accept absence of feeding or insufficient oral feeding and rules to not spend time with the patient beyond the fear caused by religious, moral and ethical reasons (17) . In such instances, doctors will be stressed by relatives of the patients to prescribe PEG tube to end his/her starvation. Despite guidelines discouraging enteral nutrition (24) , doctors will prescribe nasogastric tube feeding, which can be continued for a few weeks. After this short period, the nasogastric tube must be replaced by a PEG tube or the patient must be orally fed.
The 30-day proportional mortality rate was 11.05%, which was equivalent to the mortality rates -ranging from 1.5% (25) to 54% (11) (TABLE 4) -mentioned by other studies; similarly comparable was the mortality related to PEG insertion (1.2%). Differences can be attributed to the authors' selection of populations with different numbers of severe patients, as well as features intrinsic to each medical service and population investigated. Sanders et al. (11) found an initial mortality of 28% at thirty days post gastrostomy, but patients with dementia had a mortality of 54% at one month. These results are higher than those commonly published and inevitably lead us to inquire whether these authors would not be indicating the procedure to end-of-life patients.
Eight weeks after PEG, 23 patients had died. We considered that the patients who died up to eight weeks following PEG insertion had a futile indication for PEG because they were submitted to the risk, complications, and discomfort of an invasive procedure, and financial resources were spent. They could have had the nasogastric tube left in place or even had the nutrition discontinued for cases where he/she was at the threshold of his/her life. Defining a time that would characterize a bad indication for PEG is not a simple assignment. We chose eight weeks as the cut-off because although the nasogastric tube is recommended for short-term use, there may be special situations where a longer use of nasogastric access may be admitted. A patient with nasogastric access and risk factor for short survival may qualify as one such situation. We arbitrarily chose eight weeks as a reasonable time to extend the nasogastric tube in selected patients to avoid further risks of PEG access.
We found a rate of severe or simple complications that are comparable to those in the literature (11, 26) . Sanders and colleagues (11) reported on six cases of stomach bleeding that resulted in patient death. We did not observe gastric haemorrhage in our series, and we believe that this complication can be avoided with the dedication of the operative technique. Also, we did not observe tube blockage, because we insisted that the tube be supplied abundantly with water after the diet and that it be replaced every six months.
We found that haemoglobin and ICU staying on the third last day are preoperative independent risk factors associated with death after eight weeks. Although haemoglobin AUROC has been shown to be an acceptable but not excellent predictor, the haemoglobin value of 10.05 g/dL provides reasonable sensitivity and specificity on which to base the medical decision. Patients who were hospitalized in the ICU in the days leading up to the procedure are obviously frail patients with chronic conditions or illnesses, are poised at the end of their lives and should not be indicated for PEG.
Many authors have been concerned with identifying risk factors for PEG death in groups of patients such as patients with dementia, those with neurological diseases, with cranioencephalic trauma, or in non-secreted samples at short or long term.
Diabetes mellitus (27) , chronic obstructive pulmonary disease, hypo albuminemia (16, 28, 29) , neoplasms (23, 26, 30) , low transferrin and low cholesterol (28) , nil by mouth more than seven days (31) , high serum creatinine (27) , low IBM, past history of ischemic heart disease (27) , more than 1 cardiac factor (31) , abdominal pain and severe complications (12) , neurological disease (23) , stroke (32) , high C-reactive protein (33, 34) , inpatient (7, 11) , and age (12) have been concluded -by logistic regression analysis -to be independent risk factors associated with short-or long-term survival after PEG in retrospectives studies. Some findings are contradictory. Dong-jun Oh's (29) study of patients older than 65 years found no difference in mortality and procedure-related complications compared to those of younger patients. Sobani Zan and colleagues (35) studying patients over 100 years of age found no differences regarding the serious complications, success rate or patient mortality associated with PEG tubes and concluded that PEG tube can be administered with careful selection in patients older than 100 years.
These results show various risk factors related with mortality after PEG, and it is understandable and acceptable that they are different. The authors involved conducted investigations in heterogeneous populations, in hospitals with different characteristics, and with different protocols, so they investigated different outcomes in retrospective studies and consequently with many limitations. To our knowledge, this is the only Brazilian study to investigate short-term survival in patients with PEG. Although the authors identified distinct risk factors for mortality after PEG, these can be classified into two groups: those that indicate malnutrition (albumin, low IBM, anaemia, and starvation) or those that indicate patients with severe chronic diseases (AMI, DM, renal failure, and preoperative stroke ICU staying). These results urge us to reflect on the current guidelines for indication of PEG, especially in elderly patients with some degree of dementia. Most guidelines recommend oral feeding, even if this is time-consuming and demands constant support from caregivers, and they are based on the conclusion that elderly patients with eating limitations do not benefit from the procedure, resulting in them being exposed to the procedure risks, including high mortality. However, if elderly patients with eating problems are becoming malnourished at the time of tube feeding indication, it is natural to assume that attention and care to nutrition have failed in the weeks or months prior to tube feeding, probably because oral feeding, despite efforts to optimize it, was no longer able to meet the nutritional demands of the elderly. Indicating the PEG tube when the patient is already malnourished and has frail organic defences is to submit him/her to a high-risk procedure, and this appears to be a clinical mistake. Mitchell (19) and colleagues investigated the timing for PEG indication after development of eating limitations using nationwide data and concluded that neither the insertion of PEG tubes nor the timing of insertion affects the survival of patients with advanced cognitive impairment from dementia and new eating problems. Although this is a relevant conclusion, the authors did not study the nutritional status or associated diseases of patients at different times of indication for PEG tube insertion, and this could have limited the conclusion. It may be more reasonable to indicate tube feeding when patients show the first signs of malnutrition or eating problems rather than definitively contraindicating enteral feeding or indicating it late. If indicated at this time of clinical evolution, the expected effects on the nutrition, well-being, and quality of life of patients that have not been established by current studies may perhaps be detected.
This study has certain limitations as well. First, it is a retrospective study, which lacks matched control group and randomization. Some information that we would have liked to evaluate -for example, albumin, nutritional status, medications used, and associated diagnoses associated -were missing and could not be investigated. The lack of these data did not let us study certain subgroups; therefore, results in patients with specific diagnoses could not be observed. Follow up of the patients was limited. Many patients died at home or at home nursing and were not autopsied, so there is no documentation on the cause of death, and death by aspiration pneumonia and other conditions related with PEG have not been studied. The study also does not consider the locoregional characteristics of the population. Many patients were cared for by their relatives at home. Often, healthcare providers at home are not optimally equipped to implement medical recommendations at the bedside. This has many consequences. Adequate care might not have been taken to avoid probe avulsion, buried bumper syndrome or aspiration pneumonia. If patients were kept in the nursing home under the care of professionals and under strict attention protocols, these complications would probably be less frequent than those observed. These facts limit the generalization of results. Our patients were hospitalized. These patients have a higher risk of death after PEG (7, 11) . Finally, we studied a relatively small sample. Although the sample size is comparable to that of other published studies, a larger sample would give us greater confidence in the results.
In conclusion, based on the results presented and discussed above, anaemia and previous ICU admission are independent risk factors associated with eight weeks mortality after percutaneous endoscopic tube feeding. Patients who were anaemic and who had recently been admitted to the ICU should be given the indication for PEG to be discouraged. The clinical indication of PEG tube feeding should be rigidly evaluated in patients who are anaemics or have severe comorbidities. An early indication for enteral feeding in patients with eating disorders may be a clinical solution for high procedure-related mortality. Keeping all this in mind, future studies should address the issue of the timing for PEG indication carefully.
